In a recent paper (Rowan and Rasmussen 1996) , we introduced a new method for estimating metabolic costs related to activity in wild fish. The main finding of that study is that the activity of fish, especially mature fish, is much higher than commonly assumed in most bioenergetic models. He and Stewart (1997) suggest that these conclusions are the result of several problems with model formulation that may lead to overestimation of activity. We will show that these objections are due to misconceptions concerning the model development and flawed mathematical analysis of our models. We also show that the contribution of the subject parameters to the estimation of activity is weak and that even extremely conservative model assumptions do not substantially alter our original findings.
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Specifically, He and Stewart (1997) raise several questions regarding model formulation and we list them here: (i) there is a typographical error in eqs. 5 and 6; (ii) eq. 1 does not include gonadal growth; (iii) gonadal 137 Cs is excluded from the mass balance; (iv) the elimination and radioactive decay of 137 Cs is underestimated; and (v) the elimination of 137 Cs may be related to metabolic rate, introducing circularity.
As noted by He and Stewart (1997) , there is a typographical error in eqs. 5 and 6 (Rowan and Rasmussen 1996) . Equations 5 and 6 should have read:
where Q 0 and Q t are the initial and final burdens of 137 Cs in whole fish (Bq), α is the assimilation efficiency of 137 (Rowan and Rasmussen 1996) . The main objection of He and Stewart (1997) concerns the addition of the term Q gonad in eq. 5, rather than in the earlier differential equation, eq. 3 (Rowan and Rasmussen 1996) . This has lead to several misconceptions regarding the treatment of somatic and gonadal growth and the loss of gonadal 137 Cs. First, growth is introduced into the mass balance of 137 Cs to express consumption as a specific rate (g food·g body weight -1 ·day -1 ). We did not explicitly include gonadal growth because the extent to which allometric relationships (e.g., resting metabolism, 137 Cs elimination) would be affected by gonad weight is unclear. We did enter gonadal growth where it directly counts, that is in the energy mass balance (Rowan and Rasmussen 1996, eq. 1). As for our introduction of the gonadal 137 Cs at the end of our derivation, we collected most of our fish in late spring after spawning and, for our model, assumed that the burden of 137 Cs in gonadal tissue was lost immediately before collection. This means that somatic and gonadal 137 Cs was treated as one pool, subject to decay and elimination throughout the modeled interval. Thus, the assertion of He and Stewart (1997) that gonadal 137 Cs is excluded from the mass balance is unfounded. An alternative model formulation is possible, where a term for the loss of 137 Cs to gonads is entered in the differential equations. This alternative model assumes that a constant proportion of 137 Cs is lost each day to gonads (K; Bq·Bq -1 ·day -1 ) with no exchange back to the fish:
Integrating eq. 8 yields:
and rearranging:
This is perhaps a better way to model 137 Cs because there is no assumption about the timing of the release of gonads.
Can. J. Fish. Aquat. Sci. 54: 1955-1956 (1997) We recalculated some of our activity estimates for mature fish using eq. 11 and compared these with the estimates from eq. 7 (Rowan and Rasmussen 1996) . We found little difference between activity estimates from eq. 11 and the original estimates. Estimates made using eq. 11 tended to be 95-99% of the original estimates, with the exception of female lake trout (Salvelinus namaycush) from Great Slave Lake, which were only 80% of the original estimate. However, this new activity estimate of 3.7 is still over twice that from swimming speed studies. Thus, the original treatment of gonadal 137 Cs is valid and supported by alternative approaches. This was, of course, to be expected in that activity in our model is least sensitive to the parameters gonadal somatic index and the concentration of 137 Cs in gonadal tissue (Rowan and Rasmussen 1996, Table  7 ). In fact, when loss of 137 Cs to gonads is ignored, activity estimates, are still over 90% of those estimates including loss of 137 Cs to gonads. He and Stewart (1977) also suggest that the annual energy budgets that we calculated oversimplified growth. We agree that this is a simple representation of a complex system and that seasonal data on 137 Cs in fish and their food, as well as growth, would have been preferable. However, such refinements are unlikely to alter the findings we reported earlier (Rowan and Rasmussen 1996) . In fact, we are currently analyzing a seasonal data set from biweekly samples, where estimates of consumption and activity are made on daily time steps. These estimates agree well with those reported earlier.
As the comment of He and Stewart (1997) is directed at a perceived overestimation of activity by our method, the next two objections are most curious, for if He and Stewart (1997) were right, we would have underestimated activity. In the first of these concerns, He and Stewart (1997) state that "elimination and decay are underestimated," but this is based on their flawed analysis of the intake term in eq. 5: He and Stewart (1997) Cw 0 e −(E + D)t , which they term " 137 Cs assimilation" and " 137 Cs elimination and decay," respectively. Because body size does not increase with time in the latter term, He and Stewart (1997) concluded that our model underestimated loss. However, if the intake term had been properly rearranged, He and Stewart (1997) would not have made their error:
The terms in eq. 13 are more properly referred to as α[ 137 Cs food ] Cw 0 e Gt , 137 Cs uptake; (G + E + D), 137 Cs loss; and (1 -e −(G + E + D)t ), degree of equilibrium. Thus, there is no underestimation of elimination and radioactive decay and no underestimation of consumption. Although, if we had underestimated consumption, we would have underestimated activity rather than overestimated activity as claimed by He and Stewart (1997) . The last and most interesting objection raised by He and Stewart (1997) concerns the elimination rate of 137 Cs and whether it may be related to total metabolic rate, thus making our analysis circular. The most compelling evidence that the elimination rate of 137 Cs from fish is not related to metabolic rate (resting and active) is the variety of fish and their habitat from which the elimination data were derived (Rowan and Rasmussen 1995) . These include carp (Cyprinus carpio), white crappie (Pomoxis annularis), bluegill (Lepomis macrochirus), summer flounder (Paralichthys dentatus), and brown trout (Salmo trutta) held in aquaria, large tanks, and small ponds, as well as wild arctic char (Salvelinus malma), brown trout, and northern pike (Esox lucius). These data cover a wide range in body size (0.1-100 g), life-history stage (larval, immature, mature), and activity. For example, flounder and northern pike are not very active in comparison with brown trout. The brown trout data (Udegal et al. 1992 ) also cover a size range of 12-416 g, including both immature and mature fish. The bluegill data (Kolehmainen 1972) also include immature and mature fish, ranging in size from 0.5 to 120 g. Yet in spite of all of the differences between these fish, they all fit the same line with regard to temperature and body size, with an uncertainty in the prediction of 137 Cs elimination of about 10%. If elimination rates were directly related to metabolic rates and especially activity, then we would have expected significant residual effects, which we did not find.
In addition, if the elimination of 137 Cs was directly related to metabolic rates, then the exponents for the weight terms in 137 Cs elimination and respiration models should be identical. However, the weight exponent in the elimination model is only -0.11 (Rowan and Rasmussen 1995) , two-to three-fold lower than those found for respiration in most fish (Hewett and Johnson 1992) . Almost any fish physiological process can be approximated by a function of body size and temperature, making correlations between unrelated processes likely. We believe that 137 Cs elimination is passive, a simple diffusion from a concentrated compartment (fish) to a dilute compartment (water). This hypothesis would explain the weak weight dependence and would make more sense for a nonessential isotope that occurs at ultratrace levels in fish (<10 -6 ppt). Of course, well-constructed laboratory experiments are needed to test these hypotheses. However, even if there is a link between metabolic costs and 137 Cs elimination, it only means that our activity estimates are the minimum, with true values even higher.
